INTRODUCTION
Molds are ubiquitously distributed in nature and their spores can be found in the atmosphere even at high altitudes (C a r m o et al., 2008) . Mold contamination is often associated with unpleasant appearance, odor and changes in taste and nutritional value of foods (P a p a g i a n n i et al., 2007) .
Some molds are able to produce mycotoxins, which apart from the toxic effects, frequently have degenerative, toxinogenic or carcinogenic effects (M i l i ć e v i ć et al., 2010) .
The difficulty of controlling these undesirable fungi, as well as the growing interest of the consumers in natural products, have been forcing the industry to find new alternatives for food preservation. One of the possibilities is the usage of essential oils as antifungal additives. Many naturally occurring compounds found in plants, herbs, and spices have been shown to possess antimicrobial functions and serve as a source of antimicrobial agents against food borne pathogens (Š k r i n j a r and N e m e t , 2009; Š k r i n j a r et al., 2009) . Their systematic screening may result in the discovery of novel effective antimicrobial compounds.
Among the aromatic plant species from Lamiaceae (Labiateae) family, genus Origanum occupies a special position. Essential oils from genus Origanum are known to exhibit antimicrobial activities against bacteria and fungi (S k a n d a m i s et al., 2001 ; D ž a m i ć et al., 2008) . This is basically due to their major components, carvacrol and thymol (G o v a r i s et al., 2010) which have potential to be used as food preservatives (B u r t , 2004) . Biological activity of essential oils depends on their chemical composition, which is determined by genotype and influenced by environmental and agronomic conditions ( B u r t , 2004) .
Chemical analysis of the oregano (O. heracleoticum L.) essential oil revealed the presence of several ingredients, most of which have important antioxidant activity (T s i m o g i a n n i s et al., 2006) , and antimicrobial properties (D e M a r t i n o et al., 2009). Carvacrol and thymol, two main phenolic compounds that constitute about 78-85% of oregano oil, are principally responsible for the antimicrobial activity of the oil (K o k k i n i et al., 1997; G o v a r i s et al., 2010) . In addition, other minor constituents, such as monoterpene hydrocarbons γ-terpinene and p-cymene, also contribute to antimicrobial activity of the oil (B u r t , 2004).
Thymol and carvacrol do not exhibit adverse effects on human health, and are proved to cause neither significant nor marginal toxic effects at cellular level. Also, the concentrations at which they exhibit antimicrobial activity do not reach the possible genotoxic level (S t a m m a t i et al., 1999; B u r t , 2004) . One limitation on the use of essential oils or their constituents in foods is their herbal aroma; in fact carvacrol and thymol are permitted food flavorings in the U. S. and Europe (C F S A N , 2006) .
The aim of this study was to investigate antifungal effects of various concentrations of essential oil O. heracleoticum on the six isolates of Penicillium aurantiogriseum and four isolates of Penicillium chrysogenum isolated from meat plant for traditional Petrovacka sausage (Petrovská klobása) production. Isolation of essential oil: The essential oils were isolated from dried plant material by hydro-distillation according to the standard procedure reported in the Sixth European Pharmacopeia (E u r o p e a n p h a r m a c o p o e i a , 2008). Distillation was performed using Clevenger type apparatus for 2.5 hours. The resulting essential oil was dried over anhydrous sodium sulfate and stored at 4ºC. The oil solution (1%) in ethanol was used for chromatographic analysis.
MATERIALS AND METHODS
Chemical analysis of the essential oil: Gas chromatography-mass spectrometry (GC-MS) analyses were carried out using Agilent 5975C Series GC-MSD system (7890A GC and 5975C inert MSD), equipped with a HP-5MS capillary column (30 m × 0.25 mm; film thickness 0.50 μm). 1 μl of diluted essential oil sample was injected in split mode (50:1), and inlet temperature was held at 250 o C. Helium was used as carrier gas in constant flow mode at 1 ml/min. The oven temperature was programmed as follows: 70 °C increased to 180 °C (2 °C/min) without holding, and then to 200 °C (4 °C/min) which was held for 10 min. Ion source was operated at 70 EV, and mass spectra were acquired in scan mode in the 50-550 m/z range.
Identification of the essential oil components: Essential oil components were indentified by comparing their retention indices and mass spectra with those published by Adams (2007) Microorganisms: The antifungal activity of essential oil was evaluated using six isolates of Penicillium aurantiogriseum and four isolates of Penicillium chrysogenum isolated from Petrovačka sausage (Petrovská klobása) processing unit. Test cultures belonged to the culture collection from the Laboratory for Food Microbiology, Faculty of Technology in Novi Sad. The cultures were maintained on Sabouraud maltose agar (SMA) slants and were stored at +4 °C. The fungal isolates used in the experiments are shown in Table 1 .
Antifungal assay: Evaluation of the effectiveness of oregano essential oil against ten isolates of P. aurantiogriseum and P.chrysogenum was carried out in vitro by disc-diffusion method. The suspension of the fungal isolates was prepared from 7-day-old cultures. Spores were taken by adding 10 ml of sodium chloride solution containing 0.5 % tween 80 onto slant, scraped with sterile loop and aseptically transferred into sterile test tubes. Determination of total mold count per 1ml of suspension was performed using the standard Koch's method. Final concentration of spore suspension was approximately 1×10 8 spores/ml. One ml of suspension was inoculated in sterile Petri dishes poured with about 15 mL of Sabouraud maltose agar (SMA) tempered at 47 °C. Essential oil was diluted in dimethylsulphoxide (DMSO) to the test concentrations of 250, 100, 50, 25, 12.5, 6.25, 3.125 and 1.56 μl/mL. The filter paper discs (7 mm in diameter) were impregnated with 10 μl of the oil dilution in the concentration range from 250 to 1.56 μl/mL and placed on the inoculated agar. Negative controls were prepared using the same solvents to dissolve the essential oil -dimethylsulphoxide (DMSO). The plates were incubated at 25 °C for seven days. At the end of the incubation period, the minimal inhibitory concentration (MIC) was the lowest essential oil concentration showing growth inhibition zones with diameter equal to or greater than 10 mm. Diameters of the inhibition zones were measured in millimeters. All analyses were performed in duplicate, and the mean values with the standard deviations (SD) are reported. Twenty six components (92.86 %) were identified as constituents of this essential oil by GC/ MS analyses. The major components were carvacrol (69.00%), p-cymene (10.50%), thymol (7.94%) and γ-terpinene (2.86%). Except β-caryophyllene (1.53%) and β-bisabolene (1.01%), the amount of all remaining oil components was less than 1%.
RESULTS AND DISCUSSION

Aromatic alcohol carvacrol was also dominant compound in O. heracleoticum oil analyzed by other authors (D ž a m i ć et al., 2008; G o v a r i s et al., 2010).
The predominant group of compounds in the oil were monoterpenes (95.77 %), with significantly more oxidized compounds (79.21 %) than hydrocarbons (16.56 %). Sesquiterpenes were present in low percentage in the oil (3.48 %).
Results for antifungal activity of O. heracleoticum L. essential oil obtained by the disc diffusion method are shown in Table 3 . The results show that the essential oil of O. heracleoticum provides inhibition of all of the fungal isolates tested. O. heracleoticum L. essential oil exhibited higher antifungal activity against isolates of P. chrysogenum than isolates of P. aurantiogriseum. Isolate of P. chrysogenum (PS-9) shows complete inhibition (Figure 1) at the highest tested concentration (250 μL/mL) of O. heracleoticum L. essential oil. The oil also exhibited high antifungal activity against other tested isolates of P. chrysogenum. The zones of inhibition tested isolates of P. chrysogenum were in the range from 54.0 mm (PS-7) to 87.6 mm (PS-10). For the same concentration of O. heracleoticum L. essential oil isolates of P. aurantiogriseum achieved lower inhibition zones ranging from 16.2 mm (PS-4) to 38.0 mm (PS-2) (Table 3 ). At the highest tested concentration (250 μl/mL) most susceptible to the effects of essential oil was isolate PS-2 (38.0± 3.11) (Table 3, Figure 2, a, b) . Essential oil did not have any influence on the tested fungal isolates at concentration lower than 25 μl/mL. Minimal inhibitory concentration (MIC) was the lowest essential oil concentration showing growth inhibition zones with diameter equal to or greater than 10 mm. O. heracleoticum essential oil showed MIC value of 50 μL/mL against isolates of P. chrysogenum, with the exception of PS-9 isolates which showed MIC value of 25 μL/mL.
MIC value of essential oil against isolates of P. aurantiogriseum was higher. Essential oil showed MIC value of 100 μL/mL, against tested isolates of P. aurantiogriseum, with the exception of PS-2 isolates that showed MIC value of 50 μL/mL (Figure 3 This disparity in results could be related to a great extent to the volatility of the essential oil in an open air system when using the solid medium diffusion technique (D u a r t e et al., 2005) . However, it has been established that the antifungal activity of different essential oils ranges from narrow to wide spectrum depending on the assayed essential oil, its concentration and fungal target (B u r t and R e i n d e r s , 2003).
The applied disk diffusion method can be used only for preliminary screening of antimicrobial substances, since the easily volatile components of essential oils evaporate over a period of incubation together with the solvent, while poorly dissolved components do not pass through the medium (G r i ff i n and M a r k h a m , 2000). The fungi cultivated in the medium with concentration of essential oil higher than 50 μl/mL showed certain morphological changes. The alterations included lack of sporulation and loss of pigmentation (Figure 2. a, b) . Previous studies have reported that essential oils are able to cause morphological changes in Aspergillus species including lack of sporulation, loss of pigmentation, aberrant development of conidiophores (flattened and squashed), and distortion of hyphaes (D e B i l l e r b e r k et al., 2001; R a s o o l i and A b ya n e h , 2004; S h a r m a and T r i p a t h , 2008). These findings suggest that the mode of antifungal activity of essential oils could include an attack on the cell wall and retraction of the cytoplasm in the hyphae ultimately resulting in the death of the mycelium. Ve l l u t i et al. (2003) suggested that the antimicrobial activity of the essential oil depends on the chemical structure of their components. Carvacrol and thymol, phenolic compounds known as major constituents of Origanum essential oil, have their antimicrobial property attributed to the presence of an aromatic group that is known to be reactive and to form hydrogen bonds with active sites of target enzymes (S o u z a et al., 2007) . However, it is also suggested that the effectiveness of complete essential oils is higher than the activity of each separated compound (M i l o š et al., 2000) . Based on all our results, essential oil of O. heracleoticum L. may be used against molds, but at higher concentration.
CONCLUSION
Results obtained by disk diffusion method showed that the essential oil of O. heracleoticum provides inhibition of all tested fungi isolates. O. heracleoticum L. essential oil exhibits higher antifungal activity against isolates of P. chrysogenum than isolates of P. aurantiogriseum. At the highest concentration tested (250 μL/mL), O. heracleoticum L. essential oil shows complete inhibition of the P. chrysogenum (PS-9) isolate. The oil also exhibited high antifungal activity against other tested isolates of P. chrysogenum. The inhibition zones of tested P. chrysogenum isolates were in the range from 54.0 mm (PS-7) to 87.6 mm (PS-10). For the same oil concentration used, P. aurantiogriseum isolates were less inhibited, with inhibition zones ranging from 16.2 mm (PS-4) to 38.0 mm (PS-2). For concentration lower than 25 μl/mL, essential oil has not influenced any of the tested fungal isolates. The fungi cultivated in the medium with concentration of essential oil higher than 50 μl/mL showed certain morphological changes. The alterations included lack of sporulation and loss of pigmentation.
Future research will be focused on determination of MIC and MFC using more precise broth microdilution method and examination of the influence of O. heracleoticum oil on the production of mycotoxins. 
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